Abstract. We investigated a number of substorm events during major conjunctions of the THEMIS spacecraft for the tail seasons of the mission. We present simultaneous observations from various instruments onboard the THEMIS spacecraft during the events. We focus particularly on events when at least one of the THEMIS spacecraft is adjacent to the neutral sheet where convectional plasma flows are observed. The events demonstrate clear dipolarization signatures accompanied by high-speed earthward plasma flows and intense wave activity. We present evidence that flux ropes are embedded within the high-speed earthward convective plasma sheet flows. This fact has important implications since the leading edge of the flux rope having south polarity can impulsively merge with the north polarity field of the stretched magnetotail leading to mutual erosion of both magnetic structures. The merging of the vertically oriented oppositely-directed field lines can lead to local cross-tail current reduction and flux rope dissipation. These observations are very important in explaining the mechanism triggering near-Earth dipolarization and particle acceleration to supra-thermal energies, since they can be associated with non-adiabatic conditions and breakdown of the frozen-in condition in the near-Earth magnetotail similar to that taking place during magnetic reconnection in the mid-tail.
Introduction
The mechanism that triggers substorm expansion onset remains an unsolved issue and a longstanding debate for magnetospheric scientists. The two models that are the most popular and manage to explain many of the observational substorm features are the current sheet disruption (CD) model (Lui, 1996) and the near-Earth neutral line model (NENL) model (Baker et al., 1996) . In the current disruption model the neutral sheet stability is disrupted by local kinetic instabilities (Lui et al., 1990 (Lui et al., , 1991 (Lui et al., , 1992 Lui, 2004) , leading to dipolarization and current wedge formation. In NENL model magnetic reconnection (MR) plays a pivotal role in the region between 20-30 Earth radii downtail by producing convective earthward bursty bulk flows. These earthward convective flows, in turn, transfer magnetic flux and energy towards the Earth (Angelopoulos et al., 1994 producing intense field-aligned currents (Shiokawa et al., 1997; Birn et al., 1999; Zhang et al., 2007) , directed into the ionosphere which are then responsible for auroral brightening.
During plasma convection in the magnetotail several magnetic structures can be detected. The three most common types of magnetic structures generated by reconnection in the magnetotail are: dipolarization fronts (DFs), flux ropes, and travelling compression regions. In our study we are interested in DFs and flux ropes.
DFs are a common feature of substorm dynamics and are the result of magnetic field pileup (Hesse and Birn, 1991) in the near-Earth region closely related to reconnection-driven bursty bulk flows (BBFs) (e.g. Nakamura et al., 2001) . This
Published by Copernicus Publications on behalf of the European Geosciences Union. particular feature lasts only a few seconds and it is characterized by a large increase in the B z magnetic field component. Usually, DFs are preceded by a small decrease in B z or even negative B z . Field dipolarizations/DFs preceded by a small decrease in B z simultaneously with earthward convective plasma flow were brought to attention by several authors (Ohtani et al., 1992; Shiokawa et al., 2005) . Particularly, Shiokawa et al. (2005) showed rapid decreases in B z just before dipolarizations accompanied by electric and magnetic field fluctuations being observed by the Geotail satellite in the near-Earth plasma sheet. Similar results were also reported by Ohtani et al. (1992) based on AMPTE/CCE data. In both studies, reflecting the general conviction, the aforementioned magnetic field features were attributed to an explosive build-up of the cross-tail current prior to its relaxation near substorm onset.
Flux ropes are also magnetic structures commonly observed in the magnetotail. They are characterized by helical magnetic configuration and are formed between multible Xlines. Their most salient feature is the bipolar B z signature, coincident with a peak in the B y component which corresponds to their strong core field. They are most frequently formed in the near-tail region (20-30 R E ) and their duration measured from the minimum to the maximum of the bipolar B z signature ranges from a few tens of seconds to a couple of minutes (Slavin et al., 2003; Ieda et al., 1998) . Flux ropes can be observed moving earthward or tailward having a well-defined, quasi-sinusoidal ∓δB z and ±δB z signature, respectively and are generally embedded in a region of high speed flow and plasma beta.
In this paper we report on four substorm events (see Table 1 ) observed by THEMIS spacecraft on February 2008 during which the five THEMIS were in major conjunction aligned along the Sun-Earth line. To our knowledge, two of them have been studied extensively using in-situ and groundbased measurements to examine timing and causal relationship between substorm features Lui, 2009; Liu et al., 2009; Zhou et al., 2009a; Pu et al., 2010) . All these studies have focused on substorm onset phenomenology trying to resolve whether MR or CD triggers substorm activity.
In the present work we interpret our observations following a different approach regarding the cause of wave activity and subsequent current disruption/field dipolarization. We support the idea that wave generation is not related to a thinning of the plasma sheet usually attributed to an explosive growth phase, but rather to a merging of vertically oriented, antiparallel magnetic field lines which reconfigures the magnetic field topology from tail-like to dipole-like reducing in this way the cross-tail current.
Instrumentation
The THEMIS mission was launched on 17 February 2007 and consists of five identical satellites equipped with instrumentation that measures particles and fields (Angelopoulos, 2008) . In this paper we use 3 s time resolution plasma data obtained from the ESA (Electro-Static Analyser) and SST (Solid-State Telescope) (Angelopoulos, 2008) instruments. The THEMIS magnetic field measurements are provided by the FGM (Flux/Gate Magnetometer) instrument , with time resolution of 3 and 0.25 s, while the electric field data provided by EFI (Electric Field Instrument) ) have a time resolution of 0.125 s. In addition, FBK (Filter Bank) data are used, which come originally from EFI and SCM (Search Coil Magnetometer) (Roux et al., 2008) instruments. The filter bank data is created by the THEMIS DFB (Digital Fields Board) which performs the spectral processing for the EFI and the SCM. The FBK data are calculated as the mean of the absolute value of the bandpass-filtered electric and magnetic field signals, and are therefore in units of amplitude.
Observations

26 February 2008 substorm event
On 26 February 2008 the five THEMIS were in a major conjunction, aligned along the Sun-Earth line, with spacecraft P3 located at ∼0.2 R E from the nominal neutral sheet . The average P3 location, for the time interval 04:50-05:05 UT (Fig. 1) , was [−10.9, 3.7, −2] R E , in GSM coordinates. Angelopoulos et al. (2008 Angelopoulos et al. ( , 2009 have inferred that onset of tail reconnection occurred at 04:50:03 at 20 R E between P1 and P2 further tailward of P3 although this has been an issue under debate (Lui, 2009 ). Based on auroral signatures they have defined 04:52:21 UT as the time of the substorm expansion onset. Figure 2 gives an overview of electric and magnetic wave measurements along with the B x , B y , and B z magnetic field components in GSM coordinates, the calculated V x convective plasma velocity also in GSM coordinates, the magnetic field intensity and the ion density. The first and second panels show the electric and magnetic pseudo-power spectra which were obtained from EFI signals (sensors 1&2 in the spin plane) from opposing sides of the spacecraft and SCM signals from one of the three magnetic field axes, respectively. The main feature here is a broadband electromagnetic emission at low frequencies starting at ∼04:53 UT. Based on panels (c) and (e), this intense wave initiation is accompanied by a simultaneous moderate decrease in B z magnetic field component (from 5 nT to 3 nT) followed by a prominent field dipolarization starting at ∼04:53:05 UT with B z component reaching values up to 17 nT, while B x shows a sharp dipping towards zero which lasts for a few seconds. Coincident with the B x dipping is an enhancement in B y reaching values up to −8 nT. The wave activity enhancement extents from below the lower hybrid frequency (f lh ) (ranging between 10 and 50 Hz) up to 500 Hz (near the electron cyclotron frequency). The magnetic field just before the wave activity initiation was relatively stretched with the earthward convective plasma velocity being almost zero (panel f). One distinct feature in the profiles (vertical colored bar) is that waves start to appear by the time the earthward convective flow velocity has reached a value of ∼150 km s −1 and B z has started to decrease. Magnetic field intensity in panel (g) shows clear compression in coincidence with field dipolarization. An interesting observational feature is the narrow spike in plasma density shown in panel (h) which implies compression of the plasma population due to the earthward convective plasma flow.
After the first prominent field dipolarization at ∼04:53:10 UT there is a time interval of ∼8.5 min characterized by intense wave activity which is accompanied 
22 February 2008 substorm events
A substorm event occurred at ∼04:36 on 22 February 2008, while all five THEMIS spacecraft were aligned along the Earth's magnetotail in a major conjunction with P3 deep inside the plasma sheet, very close to the neutral sheet (Liu et al., 2009 ). Based on observations from THEMIS P1 and P2 which were then inside the plasma sheet but close to its southern edge, Liu et al. (2009) initiation of wave activity is well-correlated with the observation of convective plasma flow velocity, which has a value of ∼100 km s −1 . This fast plasma flow according to Liu et al. (2009) is interpreted as due to reconnection-related compression of the plasma earthward of the reconnection site and cannot be attributed to local effects in the central plasma sheet. P4 was very close to P3 observing similar features as P3, regarding wave activity, earthward convective plasma flow and magnetic field dipolarization (not shown). The B z component in P3 decreased gradually and was further accompanied by a polarity reversal, while the embedded magnetic structure inside the earthward propagating BBF exhibited an enhanced B y core just prior to dipolarization onset.
One major observational feature similar to Fig. 2 is the very good correlation between plasma wave activity and earthward convective flows. While B x magnetic field component is fluctuating around zero implying that THEMIS satellites are repeatedly traversing the current sheet, B z is intensively fluctuating having most of the time a dipolarized configuration which at ∼04:41 UT starts to demonstrate a more stable dipolarized behavior. This dipolar stabilization of the magnetic field is very well correlated with plasma flow cessation deep inside the central plasma sheet with B x being almost zero and plasma wave activity having very low levels.
The observations made by P3 for another relatively small substorm event are presented in Fig. 4 during the period 06:22-06:32 UT, on 22 February 2008 with the same format as Fig. 2 . This event occurred ∼1.5 h after the event described above. The THEMIS AE index (not shown) started to increase at ∼06:10 UT. At ∼06:20 UT, it increased gradually up to ∼200 nT. At 06:25 UT P3 was at [−11.3, 2.1, −2.7] R E with the spacecraft located at ∼0.2 R E south from the nominal neutral sheet. As shown in panel (e) in Fig. 4 (vertical colored bar) there was a decrease in B z component appearing while the plasma flow reached its nearly maximum value (∼250 km s −1 ) and was characterized by a broad emission both in electric and magnetic field. Strong dipolarization and compression of the magnetic field preceded by plasma sheet compression were observed with B z and B total reaching values up to 20 nT and 22 nT, respectively. P4 observed similar features as P3 with even more pronounced decrease in B z which exhibited a two-step structure (not shown).
14 February 2008 substorm event
In −2.2] R E , very close to the neutral sheet. A noteworthy feature is the steep decrease in B z from ∼10 nT to near zero in a very short time accompanied by a B x reduction, as well. Immediately afterwards a dipolarization is observed which reaches a value up to 25 nT. After this prominent field dipolarization P3 observes B z to be turbulent for a relatively long time (∼4 min) and then relaxing to a more stable dipolarized configuration at ∼02:49 UT. While magnetic field intensity demonstrates similar behavior as in the other events that is, very low values just before field dipolarization implying that we are very close to the current sheet and then sharp enhancement coincided with field dipolarization, plasma density does not show any peak before dipolarization with its value being at the same level with that of the preexisting plasma population.
Zoomed-in plots
In order to elaborate further the four dipolarization events already presented, we show in Fig. 6 four zoomed-in plots (a)-(d) (hereinafter referred to as events 1, 2, 3, and 4) of 3-4 min time duration each around the time of dipolarization. Each plot consists of five panels showing magnetic field intensity, B y and B z magnetic field components in GSM coordinates both with 0.25 s time resolution, and energetic ion and electron differential energy fluxes versus azimuthal angle in the probe spin plane, as measured by the SST instrument in the 30-300 keV energy range. As it is evident from the B z panels, B z shows clear dipolarizations as it was expected, however, because of using higher time resolution, features of negative polarity change are clearly revealed. The negative polarity change is clearly seen in events 1, 2, and 4 where values around −5 nT are attained. In event 3 although B z is decreasing towards zero obtaining even negative values, one could not argue that there is a clear B z polarity reversal.
For all four events observed by P3, plasma sheet populations were exhibiting a clear steady azimuthal anisotropy peaking at ∼ +70 • suggesting that more ions were moving in the earthward and duskward direction. This anisotropy was more pronounced in event 1 and even more in event 2 where P3 was continuously at the neutral sheet based on the magnetic field magnitude being less than 4 nT and B x being around zero ( Fig. 3c and 3g) . A few seconds before and during B z negative reversals, energetic ions superimposed over the preexisting plasma sheet populations gradually appeared having flow patterns in the opposite sense, that is, streaming earthward and dawnward at ∼ −70 • . These flow patterns were gradually becoming more earthward while approaching the magnetic structures (+/ − B z reversals). What is shown in B total panels is that the intense appearance of the energetic ions coincided with a gradual increase in the magnetic field intensity. This in turn implies that these ion populations made their prominent appearance at P3 while the magnetic field was compressed just before the arrival of the magnetic structures at P3 (vertical dashed lines) similarly to the earthward flowing plasmoid reported by Zong et al. (2004) when the magnetic structures encounter P3 satellite indicating that the energetic particle composition at the magnetic structures' core is significantly different compared to the ambient plasma.
In Fig. 7 , as in Fig. 6 , we show time-zoomed plots but now we concentrate only on energetic electrons in order to infer conclusions regarding the nature of electron energization during dipolarization fronts. What is shown from top to bottom in plots (a)-(d) are the electric field components in GSM coordinates (0.125 s resolution), B z , and differential energy fluxes versus pitch and azimuthal angle. The most important feature in these plots, by comparing events 1, 2 with 3, 4 is the different electron response to dipolarization fronts. While in events 1 and 2, there is an electron depletion both in pitch and azimuthal angles, in events 3 and 4 electrons right after the dipolarization fronts are well modulated demonstrating fine pitch angle anisotropies peaked at 90 degrees evident in all azimuthal angles. All the events are accompanied by transient, short-lived electric fields although their magnitudes in events 1 and 2 are limited only up to 6-7 mV m −1 , in antithesis to events 3 and 4 where electric fields exceed 20 mV m −1 reaching values up to 30 mV m −1 , similar to the intense electric fields reported by Sergeev et al. (2009) and Deng et al. (2010) .
Interpretation and discussion
The observations already presented strongly suggest that the magnetic disturbances propagating earthward are actually flux ropes structures embedded in fast plasma sheet flows following the onset of BBFs. Our conclusion is strongly supported by previous studies (e.g. Imber et al., 2011, Fig. 3 (left) ) where an earthward traveling flux rope observed by THEMIS P2 at X = −16 R E demonstrates pretty much the same magnetic field and plasma flow signatures as those shown in our events. The flux ropes are accompanied by energetic ions which are meandering dawnward opposite to the preexisting plasma sheet population. This ion motion earthward and dawnward could be understood in terms of Speiser-type trajectories (Speiser, 1965; Büchner and Zelenyi, 1989; Speiser, 1991) where ions originally executing meandering orbits across the current sheet would be eventually ejected from it toward the Earth in the presence of a small southward magnetic field combined with a dawnward electric field. The injected fresh energetic ion population earthward and dawnward in front of the flux ropes will be superposed with the preexisting duskward streaming ambient ions that carry the cross-tail current forming an "azimuthally bi-directional" pattern. As the flux ropes are approaching P3, the earthward-dawnward flow patterns start to diminish into more earthward ones implying that ions are observed right at the time of their generation meaning that they have not been injected upstream of the flux ropes yet (white oblique lines in Fig. 6 ).
Previous simulation studies (Zhou et al., , 2011 have successfully reproduced ion flow patterns similar to those shown in the present study. Particularly, Zhou et al. (2010) based on test-particle simulations suggested a mechanism of energetic (30-45 keV) ion pickup acceleration by showing that the observed ion evolution was consistent with a picture of ions reflected and accelerated by the approaching dipolarization front and moving ahead of it. In their simulation model the evolution of the ion distributions was constructed by adopting a northward B z to model the earthward propagation of the dipolarization front combined with a dawndusk electric field. Their model was able to reproduce well the main observational features of ion flows showing that ions were executing cucumber-type trajectories. However, according to the observational data in the present study one should also consider the case where ions interact with a negative B z in the presence of a dawnward electric field although such a modeling effort is hard to be implemented in a selfconsistent manner.
As already mentioned, the observational features presented in this paper support the idea that we are indeed dealing with flux ropes immersed in the central plasma sheet closely associated with the onset of bursty bulk flow events with a peak speed above ∼250 km s −1 (e.g. Moldwin and Hughes, 1994; Slavin et al., 2003) except for the last BBF in Fig. 5 which had a peak velocity ∼100 km s −1 . However, one could point out the discrepancy observed in B z profiles where there is a profound asymmetry between southward and northward B z perturbations. In three of the events presented, although B z reaches negative values its positive perturbations have greater absolute values than the corresponding negative ones. Only in the event shown in Fig. 6c B z does not demonstrate a clear bipolar signature. This particular B z signature could be explained in terms of the coordinate system being used. Generally, bipolar signatures observed in the GSM coordinate system need not pass through zero level to represent a flux rope due to the fact that flux ropes are not necessarily perfectly oriented with GSM axes (e.g. Walsh et al., 2007) . Furthermore, the B y magnetic signatures observed in all the events are consistent with the interpretation of earthward propagating magnetic flux ropes having an enhanced core magnetic field both in +y-and −y-directions whose direction is modulated by the IMF B y polarity (Hughes and Sibeck, 1987; Moldwin and Hughes, 1991; Slavin et al., 2003) . The fact that in all dipolarization events the positive B z enhancements show much larger values can be explained in terms of magnetic field compression being much more pronounced at the trailing edge of the flux ropes due to the high-speed earthward convective flows (see Fig. 8 for a schematic explanation).
For the generation of the earthward flux rope events showed in this paper we adopt the interpretation presented by Slavin et al. (2003) who after examining similar events and using the term BBF-type flux ropes proposed that their formation mechanism can be easily understood in terms of A qualitative schematic diagram in XZ plane depicting our conceptual context according to our observations. The flux rope structures are formed due to multiple reconnection X-lines (MRX) in the near-tail, an idea first introduced by Slavin et al. (2003) . The flux ropes are then being "trapped" inside closed magnetic field lines and accelerated earthward, presumably as a result of a combination of magnetic tension forces and plasma convection. Existence of a sequence of flux ropes propagating earthward is the likely case. Their dissipation would eventually result in multiple substorm onsets all contributing to the same major substorm phenomenon and final relaxation of the magnetotail into a dipolar configuration. Cross-tail current is disrupted by the magnetic field reconfiguration due to field line merging. Thick black arrows denote the presumed plasma outflow regions. Dashed arrow denotes the THEMIS spacecraft relative trajectory. multiple reconnection X-lines (MRX) formation in the neartail. Based on this mechanism, the simultaneous reconnection of tail field lines at N +1 X-lines leads to the generation of N flux ropes. This idea has also been supported by Zong et al. (2004) where their observations clearly revealed earthward moving plasmoid structures.
All the dipolarization events in this study were associated with earthward bursty bulk flows with velocities ranging from ∼100 km s −1 to ∼750 km s −1 (Angelopoulos et al., 1992; Cao et al., 2006) . In all the cases identified the flux ropes were observed near the leading edge of the earthward flow events. If the flux ropes were pushing up against oppositely directed terrestrial closed magnetic field lines sweeping the undisturbed "upstream" plasma sheet there would be an intense variation in plasma population identified by a peak in plasma density indicating a build-up of plasma pressure on the earthward side of the flux ropes. This effect along with the build-up of magnetic field pressure is what we are indeed observing (vertical dashed lines in Fig. 6 ).
Dipolarization fronts embedded in fast earthward bursty bulk flows generated by near-Earth reconnection soon encounter the strong dipolar field of the inner magnetosphere having as a result the enhancement/pileup of the northward magnetic flux of the background dipole magnetic field. The ensuing tailward pressure force at the transition region between dipolar and tail-like magnetic field configurations has the effect of decelerating the earthward flows. This flow braking is accompanied by the generation of a dawnward cross-tail current at the stopping point. The above substorm scenario is the result of a synthesis of previous studies (Haerendel, 1992; Shiokawa et al., 1997 Shiokawa et al., , 1998 Baumjohann et al., 1999) . Under our interpretation context this dawnward inertia current can be thought of as the dawnward current sheet generated by the merging of the oppositely directed, vertically oriented field lines of the near-Earth stretched magnetotail and the flux rope front side, with the outer layers of the flux rope being essentially stripped away as it travels further earthward. In fact, such observational evidence has been already reported by Henderson et al. (2006) in a study examining flux rope structures in the near-tail based on Cluster data. After applying the curlometer technique, they noticed the existence of a large enhancement of current just before the flux rope core along the flux rope's axial direction, but directed oppositely to the current inside the flux rope. If viewed globally, this effect can be understood as a propagating current sheet oriented in the west to east direction.
In our conceptual framework, the resulting magnetic field reconfiguration into a dipolar geometry is the cause of the cross-tail current disruption and current wedge formation. Furthermore, the dipolarization fronts being observed are nothing else but compressed dipolarized flux tubes originating from the merging of the outer layers of the flux ropes, that is to say, the compressed trailing edges of the "degenerated" flux ropes embedded inside the BBFs. Similar observational features have been justified in terms of plasma bubbles ), although such an interpretation cannot explain the typical signature of dipolarization fronts, that is, the negative dip preceding the sharp increase in B z . In contrary, this typical feature is accepted as a "de facto" signature without going into further substantiation.
Previous studies analyzing dipolarization events have reported characteristic waves having frequencies of 5-20 Hz which are in the range of the lower hybrid waves (Shiokawa et al., 2005; Zhou et al., 2009b) and electromagnetic waves in the whistler frequency range between local ion and electron cyclotron frequency (Contel et al., 2009 ). These kinds of wave modes are typically found near reconnection sites where sufficiently thin current sheets are generated (Vaivads et al., 2006 , and references therein). Thus, based on our conceptual framework it seems that the observed wave modes during the dipolarization events do not owe their existence to current sheet thinning but to field line merging which is much identical to midtail magnetic reconnection. Previous studies examining dipolarization events and the associated current disruption have treated plasma waves as being the cause of the magnetic reconfiguration from tail-like to dipole-like (Lui et al., 1990 (Lui et al., , 1991 (Lui et al., , 1992 Lui, 2004) . According to our notion, we adopt the opposite idea that the observed wave activity is the effect and not the cause triggered by antiparallel magnetic field merging.
The flux ropes seem to act in the opposite sense for energetic ions and electrons when they encounter THEMIS probe. From one hand, energetic ion's energization seems to be a continuous process taking place in front of the flux ropes starting a few seconds before the B z negative reversals with the ion population "being carried" earthward by the magnetic structure. On the other hand, in the case of energetic electrons, the flux ropes seem to carry earthward an electron population that is subjected to depletion. This could be explained based on the fact that energetic electrons (e.g. 50 keV) travel along field lines with a high speed of around 20 R E s −1 . These swift electrons trace out field lines in the magnetosphere in a few seconds, therefore, can provide nearly instantaneous information about the magnetic field configuration in the geospace regions. Hence, the lack of energetic electrons inside the flux ropes suggests that these entities have started to act as open field line structures way before we observe them. On the other hand, the fact that electrons after magnetic field dipolarizations are observed in all azimuthal directions only in events 3 and 4 where electric fields are much higher than those in events 1 and 2, implies the local/temporal nature of the acceleration mechanism. Hence, the observations in Fig. 7c and 7d seem to indicate that, (a) electrons are locally accelerated by the intense transient in nature electric fields (>20 mV m −1 ) associated with field dipolarizations and (b) electrons conserve their first adiabatic invariant in the enhanced dipolarized field which results in the peaked at 90 degrees pitch angle distributions. Such electric field features are characteristic of nonlinear electrostatic structures such as electrostatic solitary waves and double layers (Deng et al., 2010) . As suggested by Deng et al. (2010) , these nonlinear electrostatic structures can interact with electrons and generate the observed perpendicular high energy electron distributions.
In Fig. 8 we present schematically the main phenomena taking place during the substorm events. Our scenario explains in a satisfactory way the intensive wave activity lasting for several minutes and occurring simultaneously with successive field dipolarizations. These active periods in all the events can be understood in terms of multiple earthward propagating flux ropes being continuously dissipated while convected towards the Earth. Thus, wave activity cessation coincides with the time at which the last flux rope structure passes over THEMIS spacecraft and magnetotail relaxes in its final dipolar configuration. Furthermore, between two successive flux rope passages, one would expect the magnetotail to stretch again in a tail-like configuration due to plasma convection associated with an enhanced solar wind electric field.
Synopsis
In this paper we have investigated four substorm events captured by P3 THEMIS spacecraft in February 2008. For our analysis we used wave, plasma, electric and magnetic field data. All the substorm events exhibited several common features: (1) all of them were detected when THEMIS spacecraft was in the central plasma sheet near the neutral sheet; (2) strong earthward convective plasma flows accompanied by intense low-frequency electric and magnetic wave activity; (3) B z magnetic field component polarity change just prior to magnetic field dipolarization signalling wave activity initiation; (4) plasma and magnetic field compression prior to and during field dipolarization, respectively. Based on these common observational characteristics we have interpreted the initial earthward propagating disturbances as being flux ropes embedded inside fast earthward convective plasma flows in the inner central plasma sheet. We made an attempt to shed light on aspects pertaining to the mechanism which is responsible for the reduction of the crosstail current, the ensuing field dipolarization and the associated particle energization. In contrast to the "classic" view of cross-tail current disruption due to plasma sheet thinning and the excited wave turbulence we have adopted an alternative scenario for substorm onset and expansion which is based on merging with the background geomagnetic field and the eventual dissipation of earthward propagating flux ropes. Finally, the development of self-consistent model of test-particle simulations under our conceptual framework that could reproduce the presented observational data is a key element in strengthening our ideas. Despite the difficulties that such a modeling effort could have, such simulations could reveal the real physical context under which ions are accelerated by the earthward propagating dipolarization fronts.
